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FOREWORD 

T h i s  r epor t  desc r ibes  work which has been completed dur ing  t h e  per iod  
from March 4 ,  1966 t o  June 4 ,  1966, t h e  present  s t a t u s ,  and t h e  f u t u r e  p lans  
f o r  t h e  e f f o r t  being performed by the General E l e c t r i c  Company under Contract  
NAS 3-6467 from t h e  National Aeronautics and Space Adminis t ra t ion.  The 
o b j e c t i v e ,  as o u t l i n e d  i n  the  c o n t r a c t ,  is  t o  develop and design ground proto-  
t ype  AC c i r c u i t  breakers  and DC engine con tac to r s ,  s u i t a b l e  f o r ,  and t e s t e d  
unde r ,  expected launch and space requirements.  The Breakers w i l l  be r a t e d  
1000 v o l t s ,  600 amperes, 2000 c p s ,  while t h e  DC Contactors  w i l l  have a r a t i n g  
of 10 ,000  v o l t s ,  10 amperes. 

Management of t he  program f o r  General E l e c t r i c  Company has been assigned 
to  A.H.Powel1, Manager - E l e c t r i c a l  Systems, Space Power and Propuls ion Sec t ion .  
P r o j e c t  Engineer f o r  over -a l l  design is E.F.Travis of t h e  Research and Development 
Center  i n  Schenectady. P ro jec t  Engineer for Capsule Assembly, Welding, and 
Evacuation Techniques is W. R.Young, R.A.  Schef fer  i s  i n  charge of i n s t a l l a t i o n  and 
t e s t i n g ,  while G.Gat i  i s  fol lowiqg the  test set-up and planning.  A l l  t he se  
Engineers  are i n  the  Space Power and Propuls ion Sect ion.  

M r .  E A.Koutnik of t h e  National Aeronautics and Space Adminis t ra t ion is t h e  
Technical  Manager f o r  t h i s  con t r ac t .  
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I INTRODUCTION 

This  program, a cont inua t ion  of t h e  E l e c t r i c a l  Switchgear i n v e s t i g a t i o n  

which was completed under Contract  N A S  3-2546, i s  designed t o  provide d e t a i l  

background and knowledge f o r  f i n a l  f l i g h t  hardware f o r  space nuc lear  power 

s y s t e m s  of 1 t o  4 megawatts capac i ty .  The breaker  is  t o  have a continuous 

r a t i n g  of 600 amperes and an i n t e r r u p t i n g  r a t i n g  of 1200 amperes, a t  1000 

v o l t s ,  1000 t o  3000 cps.  The contac tor  i s  designed t o  carry 10 amperes 

cont inuously and t o  i n t e r r u p t  t h e  same va lue  a t  10,000 v o l t s  DC. 

Over-all  development e f f o r t  on t h i s  c o n t r a c t  i s  providing ground prototype 

breakers  and con tac to r s  which can withstand l i m i t e d  (1000 hour) endurance t e s t i n g  

(with normal c u r r e n t  f lowing) i n  a typ ica l  space environment of 1000 F and 10 

t o r r  (or lower) pressure .  The samples  a r e  scheduled t o  be t e s t e d  t o  demonstrate 

t he i r  i n t e r r u p t i n g  a b i l i t y  a t  high temperature,  and t o  provide d a t a  on t h e i r  

a b i l i t y  t o  withstand expected launch (mechanical) condi t ions  of shock, v i b r a t i o n ,  

accous t i c ,  and acce le ra t ion  loadings. 

0 -6 

Program Management is centered  i n  the  Space Power and Propuls ion Sec t ion  

of t h e  General E l e c t r i c  Company i n  Evendale. The major development and des ign  

work has been done a t  t he  Research and Development Center  i n  Schenectady w i t h  

t e c h n i c a l  a s s i s t a n c e  from var ious  l a b o r a t o r i e s  and personnel w i th in  t h e  dompany. 

F ina l  assembly of the a c t u a t o r s  (mechanism) was done a t  R&DC whi l e  the 

i n t e r r u p t e r  u n i t ,  inc luding  the  vacuum capsule  assembly and outgass ing  process ing  

was done a t  SPPS. A l l  vacuum environment t e s t i n g  (endurance & i n t e r r u p t i o n )  w i l l  

b e  done a t  SPPS whi le  mechanical t e s t s  w i l l  be performed a t  t he  R&DC i n  Schenectady 

( v i b r a t i o n  and shock) and the  RSD Mechanical Tes t ing  Laboratory ( acous t i c  and 

a c c e l e r a t i o n )  i n  Phi lade lphia .  

-1- 



I1 SUMMARY 

During the  s i x t h  q u a r t e r l y  period of t h e  Switchgear Program, assembly of 

t h e  f i r s t  breaker  and con tac to r  was completed, t h e  u n i t s  i n s t a l l e d  i n  t h e  u l t r a -  

high vacuum test tank, and t e s t i n g  was i n i t i a t e d .  The h e a t  run and high p o t e n t i a l  

check was completed, and the endurance test s t a r t e d ,  w i t h  f u l l  r a t e d  c u r r e n t  

f lowing i n  t h e  Sni tchgear .  A t  the c l o s e  of t h i s  pe r iod  a t o t a l  of 575 hours had 

been s u c c e s s f u l l y  accumulated toward the planned 1000 hours of the  endurance tes t .  

The leak which developed i n  the ceramic capsules  a t  t h e  c l o s e  of t h e  l a s t  

q u a r t e r l y  pe r iod ,  was subsequently reduced by u s e  of a s e a l i n g  f l u i d  t o  t he  p o i n t  

where the a t t ached  ion pump would maintain t h e  vacuum w h i l e  under room cond i t ions .  

Therefore ,  two capsules  were used t o  complete t h e  AC Breaker and DC Contactor f o r  

t h e  h e a t i n g  and endurance tests. A t  the same t i m e ,  the l eak  problem was reviewed 

i n  d e t a i l  and the  design w a s  modified t o  improve t h e  j o i n t s  between t h e  ceramic 

and m e t a l  spinning. New ceramic s e a l  assemblies were ordered f o r  u s e  i n  the  

subsequent i n t e r r u p t i o n  tests. 

Planning f o r  t h e  i n t e r r u p t i o n  tests continued during t h i s  pe r iod ,  while t he  

h e a t i n g  tests were completed i n  the vacuum tank and the  endurance test was s t a r t e d .  

N e w  schedules  were also developed which ind ica t ed  t h a t  w i t h  t h e  delay because of 

the  capsu le  replacement, t he  i n t e r r u p t i o n  tests and program completion may be 

delayed u n t i l  September, 

-2- 



I11 VACUUM INTERRUPTER 

The vacuum i n t e r r u p t e r  i s  the  par t  of the Switchgear u n i t  which inc ludes  

t h e  suppor t ing  she l l ,  hea t  t r a n s f e r  and i n s u l a t i n g  members, and t e rmina l s  w i t h  

cu r ren t  conductiong p a r t s ,  used t o  mount and a t t a c h  t h e  vacuum capsule  t o  the 

power c i r c u i t .  T h i s  s e c t i o n  of t h e  repor t  w i l l  cover t he  a c t i v i t y  connected 

wi th  t h e  vacuum capsule  and assembly of t h e  i n t e r r u p t e r  u n i t s .  

A) Vacuum Capsule 

Two vacuum capsules  were baked o u t ,  evacuated, and sea l ed  o f f  w i t h  t he  

0 .5  l i t e r  p e r  second ion pumps a t tached .  Quar t e r ly  Report #5 descr ibed  the 

braze  and welding procedure t o  provide the  assembled capsule .  As a l s o  

mentioned i n  t h a t  r e p o r t ,  a leak i n  the  ceramic s e a l  assembly w a s  i nd ica t ed  

a8 bake-out processing i n  t h e  vacuum tank was completed and t h e  tank w a s  

brought t o  atmospheric pressure  t o  permit pinch-off of the tubu la t ion .  I t  

was subsequent ly  determined tha t  the  leak was i n  t h e  metal-to-ceramic seal 

a t  t h e  sp innings  on t h e  ends of t h e  assembly. These assemblies  had been 

checked and found t i g h t ,  immediately a f t e r  be ing  welded toge the r .  

Apparently stresses i n  the  spinning from t h e  welding were t r ansmi t t ed  t o  

t h e  s e a l  which s t a r t e d  t o  leak a f t e r  a per iod  of "shelf"  t i m e .  

-7 
The l e a k  was q u i t e  low, being approximately 3 X 1 0  s tandard  cc  of 

a i r  p e r  second. However, c a l c u l a t i o n s  i n d i c a t e d  the a t t ached  ion  pump 

would no t  handle t h e  l eak ,  s o  t w o  courses  of ac t ion  were i n i t i a t e d .  F i r s t  

a vacuum s e a l i n g  s i l i c o n  r e s in  l i q u i d  s o l u t i o n ,  known as GE VAC, w a s  ob ta ined  

from the  GE Vacuum Products Dept. This was appl ied  t o  the  ceramic-metal 

j o i n t  a t  t h e  p o i n t s  of ind ica ted  leaking .  The capsule  was then heated i n  

-3- 
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vacuum t o  approximately 400 F, which cured the material and reduced the  leak 

enough so t h e  ion pump could maintain the des i r ed  l o w  pressure .  Unfortunately,  

the  s e a l i n g  compound can not stand the  test temperature (lOOO°F) so the  

capsule  leakage became a problem a f t e r  t he  heat run was s t a r t e d ,  and the  test 

tank was opened to  c o r r e c t  a def ic iency ,  as descr ibed  i n  Sec t ion  VI11 B. 

A second course of a c t i o n  was t o  p lan  f o r  t h e  endurance test  to  be 

made w i t h  the  capsules  purposely opened t o  the  vacuum tank. The opening 

would be done by p i e rc ing  a small hole, equal  t o  10% of ion  pump capac i ty ,  

i n  t h e  tubula t ion .  Thus t h e  capsule  could be s u i t a b l y  evacuated f o r  

endurance t e s t i n g  and t h e  ion pump would s t i l l  i n d i c a t e  wi th  a good 

r e l i a b i l i t y  the amount of outgassing experienced i n  t h e  capsule  dur ing  t h e  

test .  This plan  was reviewed with t h e  NASA Technical Manager of t h e  program 

who approved t h e  procedures,  but i t  d i d  not  become necessary t o  implement 

t h e  plan as t h e  leak  r a t e  w a s  within t h e  capac i ty  of t he  ion pumps. 

The two capsules  were then out-gassed, evacuated, and f i n a l l y  s e a l e d  

o f f ,  ready f o r  t h e  f u r t h e r  assembly work. Figure 1 shows one of t he  capsu le s  

i n  p o s i t i o n  i n  t h e  oven and vacuum tank ,  ready f o r  bake-out and sea l -of f .  

Figure 2 shows t h e  e x t e r n a l  vacuum pumping s y s t e m  which reduced t h e  vacuum 

i n s i d e  the  capsule  dur ing  t h e  processing and u n t i l  pinch-off of t h e  tubu la t ion  

was completed. The end of the pinched-off t ubu la t ion  was subsequent ly  e l e c t r o n  

beam welded to m a k e  t h e  end secure and t i g h t .  The o v e r a l l  procedure f o r  t h i s  

process ing  i s  descr ibed  i n  d e t a i l  i n  Appendix A. 

Af t e r  completing t h e  sea l -o f f ,  t he  t e f l o n  a i r  l i n e  w a s  a t t ached  t o  t h e  

ion pump suppor t ,  thermocouples f o r  checking pump l i n e  temperature  were a t t ached ,  

-4- 



and t h e  f i r s t  s e c t i o n  of t h e  outer  a i r  l i n e  tube was a t t ached  t o  t h e  pump 

enc los ing  shel l .  Figure 3 shows a completed assembly, with the  ion  pump 

power l e a d  a t tached  t o  a pump cont ro l  u n i t ,  maintaining vacuum while awating 

subsequent assembly work and mounting i n  the  I n t e r r u p t e r  Unit shel l  and 

support .  

During t h i s  per iod ,  t he  ceramic s e a l  assembly was r e s tud ied  i n  d e t a i l ,  

i n  view of t h e  leak which developed between the  ceramic and metal spinning.  

Af t e r  consu l t a t ion  and review with Engineers a t  NASA and seve ra l  departments 

of General E l e c t r i c  inc luding  the Research & Development Center ,  i t  w a s  

concluded t h a t  t h e  r e l a t i v e l y  sho r t  l eng th  of t h e  sp inning  from t h e  ceramic 

seal t o  t h e  po in t  where i t  i s  welded t o  t he  rodar  end d i s k s ,  probably produced 

an abnormally h igh  stress. This cond i t ion  may have placed an excessive shear  

f o r c e  on t h e  t i tanium-hydride,  gold-nickel metal ize/brazed j o i n t  causing a 

granu la r  f r a c t u r e  and minute gas passages.  

The spinnings were then redesigned t o  provide a new ceramic s e a l  assembly 

w i t h  t h e  conf igura t ion  shown in Figure 4 .  Furthermore, a new ceramic t o  metal  

j o i n t  was s e l e c t e d ,  w i t h  a molybdenum based manganese metal ized ceramic (97% 

pure alumina) s u r f a c e  which is  f i r e d  i n  Hydrogen p r i o r  t o  making t h e  braze 

assembly. The Kovar spinnings w i l l  then be jo ined  t o  t h e  metal ized su r faces  

us ing  a 50-50 gold copper brazed assembly. N e w  p a r t s  a r e  on o rde r  and w i l l  

be a v a i l a b l e  f o r  assembly by the  end of June. 

The NASA Technical Manager provided important d a t a  us ing  a NASA computer 

program on heat t r a n s f e r ,  concerning temperature g rad ien t s  dur ing  welding of 

t h e  sp innings  and f l anges .  T h i s  w i l l  a i d  i n  planning for t h e  next  assembly. 
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B) I n t e r r u p t e r  Unit 

To prepare t h e  vacuum capsule and pump €or assembly i n t o  the 

i n t e r r u p t e r  u n i t ,  t h e  hea t  s h i e l d  was put  i n  p lace  around t h e  pump housing. 

Figure 5 shows the  technic ian  s l i d i n g  t h e  prev ious ly  b u i l t  s h i e l d  assembly 

over  t h e  pump enclosure.  

s t a i n l e s s  steel with .014" diameter nichrome w i r e  a s  s epa ra t ion  between l a y e r s .  

This  design followed the  requirements given i n  d e t a i l  i n  t h e  Fourth Quar t e r ly  

Report. 

The s h i e l d  i s  made of 15  l a y e r s  of .003" t h i c k  

Af t e r  p l ac ing  the  heat sh ie ld  and a t t ach ing  the  thermocouples loca t ed  

on t h e  vacuum capsule ,  t he  assembly (without any r a d i a t o r s )  was i n s t a l l e d  i n  

t he  D.C.  I n t e r r u p t e r  s h e l l  as shown i n  Figure 6.  The pinched o f €  and e l e c t r o n  

beam welded tubu la t ion  is c l e a r l y  v i s i b l e ,  along w i t h  t h e  ceramic i n s u l a t i o n  

and main power te rmina ls .  

A view of t h e  top  of t h i s  assembly is given i n  Figure 7 .  The e l e c t r i c a l  

diaphragm, con tac t  "wipe" sp r ing ,  and the  nut  t o  which t h e  a c t u a t o r  plunger  

is  a t tached  are a l l  v i s i b l e .  The f l a t  r i n g ,  he ld  by 4 b o l t s ,  was used a s  a 

temporary a i d  i n  assembly of the p a r t s  and is  removed t o  permit the a c t u a t o r  

t o  be a t tached  t o  t h a t  sur face  us ing  the  same mounting ho le s .  

The r a d i a t o r s  for  t h e  A.C.  Breaker capsule  cool ing were assembled t o  t h e  

0 end f l anges  by a hea t  shr inking  process .  The r a d i a t o r s  were heated t o  425 F 

to  produce the  c l ea rance  requi red  b y  t h e  0.002'' t o  0.003'' i n t e r f e r e n c e  f i t .  

They were then placed over  t he  f l anges ,  pos i t ioned  proper ly  i n  r e l a t i o n  t o  t h e  

t u b u l a t i o n ,  and he ld  s t a t i o n a r y  u n t i l  they shrank, on cool ing ,  on to  t h e  f l anges .  

The lower r a d i a t o r  was at tached f i r s t ,  and the  upper one second. 
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The completed u n i t ,  p r i o r  to i n s e r t i o n  i n  t h e  A . C .  Breaker I n t e r r u p t e r  

u n i t  s h e l l ,  is  shown i n  F igure  8. This  p i c t u r e  a l s o  shows the  o u t e r  bellows 

type  a i r  hose for the ion  pump cool ing ,  welded to t h e  tube over  which the  hea t  

s h i e l d  has been placed,  along with the  p i ece  of s t r a i g h t  tube,  ceramic i n s u l a t o r ,  

and f i n a l  s t r a i g h t  tube which is  welded t o  t h e  vacuum tank feed-through dur ing  

i n s t a l l a t i o n  f o r  test. 
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I V  ACTUATOR 

The f i r s t  a c t u a t o r  assembled a t  R&Dc was shipped t o  SPPS i n  January.  The 

second a c t u a t o r  was assembled and then used i n  Schenectady f o r  a s e r i e s  of pre- 

l iminary  tests t o  determine speed of opera t ion ,  p r i o r  t o  de l ive ry  t o  SPPS i n  March. 

To check performance, a f i x t u r e  was developed t o  provide a load similar t o  

t h a t  which is encountered with the ac tua l  i n t e r r u p t e r .  Figure 9 shows t h e  i n i t i a l  

design which has been used t o  ob ta in  some prel iminary da t a .  T h i s  d a t a  shows tha t  

t h e  c l o s i n g  t i m e  f o r  t h e  breaker  may be as high as 30 mil l i seconds ,  with opening 

t i m e  a l i t t l e  less. A c o i l  on the moving p a r t  of the f i x t u r e  has  a vol tage  generated 

i n  i t  by t h e  s t a t i o n a r y  magnet to  provide an output  f o r  a o sc i l l o scope  t r a c e .  

More complete d a t a  on opera t ing  speeds of both t h e  Breaker & Contactor  w i l l  

be obta ined  a f t e r  t he  heat run and endurance test is complete. I t  w i l l  be 

necessary t o  have t h i s  d a t a  to p lan  the f i n a l  t iming c i r c u i t s  f o r  both c l o s i n g  and 

t r i p p i n g  t h e  Switchgear u n i t s .  

The a c t u a t o r  performed w e l l ,  and s a t i s f a c t o r i l y  l a t ched  t h e  i n t e r r u p t e r  i n  

t h e  c losed  pos i t i on .  The t r i p p i n g  mechanism, which uses  the  f l u x  from a p a i r  of 

c o i l s  t o  r epe l1  t h e  plunger a t tached  t o  t h e  moving toggle ,  needs some ref inement .  

An open p o s i t i o n  s t o p  f o r  the  toggle  i s  a l s o  d e s i r e a b l e ,  and w i l l  be incorpora ted  

be fo re  making t h e  i n t e r r u p t i o n  t e s t  s e r i e s .  
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V ASSEMBLY OF ACTUATOR AND INTERRUPTER UNIT 

The D.C. I n t e r r u p t e r  was assembled t o  t he  f i r s t  a c t u a t o r ,  t o  complete the 

con tac to r .  Figure 10  shows t h e  con tac to r  a f t e r  assembly and mounting on the  copper 

heat s ink ,  ( a t  t h e  l e f t  i n  the p i c tu re )  i n  the SPPS c lean  room. The ion pump a i r  

l i n e  hangs below the  i n t e r r u p t e r  u n i t ,  along w i t h  the thermocouple l e a d s  which a r e  

used t o  check on t h e  temperatures  i n  t h e  capsule  a r e a  dur ing  t e s t .  

To make the  assembly, the wipe s p r i n g  nut  was he ld  by a rod placed i n t o  one of 

the holes i n  t h e  s i d e  of t he  nu t ,  and the  th reads  of t he  a c t u a t o r  plunger were coated 

w i t h  magneside oxide t o  s impl i fy  eventual  removal. The a c t u a t o r  was then placed 

above the i n t e r r u p t e r  with 1/8" th ick  spacers  between i ts  base and the  i n t e r r u p t e r  

s h e l l  f l ange .  The ope ra t ing  rod from the  a c t u a t o r  was a t tached  t o  t h e  wipe s p r i n g  

nut  by tu rn ing  the  a c t u a t o r  clockwise u n t i l  mating thread  p a r t s  were i n  p o s i t i o n  and 

t h e  base was aga ins t  the  spacers .  The  spacers  were then removed and b o l t s  were 

i n s t a l l e d  t o  p u l l  t h e  a c t u a t o r  f lange  t i g h t  aga ins t  t h e  i n t e r r u p t e r  f l ange .  Th i s  

b o l t i n g  a c t i o n  compressed the  "wipe" s p r i n g  the  requi red  1/8". Of course,  t h e  

vacuum capsule  c o n t a c t s  were he ld  in t he  closed p o s i t i o n  by atmospheric p re s su re .  

Figure 10  a l s o  shows the A.C .  I n t e r r u p t e r  shel l  temporar i ly  mounted t o  t h e  

heat s i n k ,  w i t h  t he  s p e c i a l  laminated high cu r ren t  conductor i n  p l ace ,  t o  check 

arrangement and alignment.  The s h e l l  was then removed from t h e  hea t  s ink ,  and t h e  

vacuum capsule  w i t h  t h e  r a d i a t o r  a t tached (see  Figure 8) was i n s t a l l e d  and the  

t e rmina l s  a t t ached  t o  t he  c u r r e n t  ca r ry ing  members. 

The procedure €or mating t h e  ac tua to r  t o  the  A.C.  I n t e r r u p t e r  was the  same 

as followed f o r  t h e  Id. C. Contactor. Only minor problems were encountered and t h e  

u n i t s  went t oge the r  s a t i s f a c t o r i l y  wi th  the  proper "wipe" s p r i n g  compression. 

F igure  11 shows t h e  completed A.C.  Breaker, along with t h e  previously assembled 
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. 

D . A .  Contactor ,  mounted on the heat  s ink  p r i o r  t o  i n s t a l l a t i o n  i n  the  vacuum t a n k .  

Heat s ink  cool ing  c o i l s ,  thermocouple l e a d s ,  and t h e  four  heat s ink  suppor t ing  rods,  

are a l l  c l e a r l y  v i s i b l e .  
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V I  TEST FACILITIES 

F a c i l i t i e s  f o r  performing the  var ious tests requi red  a r e  descr ibed  i n  

t h i s  s ec t ion  of t he  r e p o r t .  

A) Heat Run & Endurance T e s t  

The oven f o r  the  hea t  run and the  endurance test (which had been baked out  

a s  descr ibed  i n  t he  l a s t  r epor t )  was dismantled,  and t h e  u l t r a -h igh  vacuum tank 

was prepared f o r  t h e  t e s t .  Additional feed-through f l anges  w i t h  adap te r s  f o r  

the  a i r  l i n e s  were prepared and i n s t a l l e d ,  (Three feed-throughs a r e  used - one 

f o r  t h e  hea t  s ink  a i r  and two f o r  t h e  ion pump cool ing  l i n e s . )  Thermocouples 

used only f o r  t h e  oven bake-out were removed, and the  terminal  boards f o r  t h e  

connect ions i n  the oven were rearranged. 

The Switchgear, mounted on t h e  heat s i n k ,  was moved from t h e  c l ean  room 

assembly area and mounted on the oven base. Figure 12 shows the  samples i n  

p o s i t i o n ,  a f t e r  attachment of the  thermocouples, power l eads ,  and a i r  l i n e s  

wag complete. Figure 13 is a c l o s e  up view of the  i n s t a l l a t i o n .  The s p e c i a l  

h igh  c u r r e n t  conductor i s  shown a t  the  l e f t ,  a t t ached  t o  t h e  Breaker.  Note 

t h a t  both a c t u a t o r s  (mechanisms) a r e  wired closed t o  prevent acc iden ta l  

opening or j a r r i n g  of t he  contac ts  i n  t h e  capsule  during set-up and test .  

A view looking down towards the  bottom oven lamp holders ,  Figure 14,  

shows the  terminal  boards where the  j o i n t s  a r e  made between the  thermocouple 

l e a d s  and feed-through l eads .  I t  w i l l  be r e c a l l e d  t h a t  t he  thermocouple 

l e a d s  a r e  made of Platinum and Platinum 10% Rhodium. This  ma te r i a l  i s  

c a r r i e d  through t h e  feed-throughs t o  e x t e r n a l  te rmina l  boards and then 

connected t o  recording mi l l i -vo l tmeters  by cons tan t  r e s i s t a n c e  l ead  wire. 
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The high frequency power supply i s  b a s i c a l l y  a high power e l e c t r o n i c  

ampl i f i e r ,  d r iven  by an o s c i l l a t o r  w i t h  a frequency ad jus t ab le  from 300 t o  

3000 C . P . S . ,  made by Behlman and with a maximum continuous output  of 7 KW. 

This supply u n i t  i s  connected t o  a s t e p  down transformer t o  provide the  600 

ampere cu r ren t  t o  t h e  Breaker.  Approximately 3 v o l t s  is requi red  a t  the  

feed through te rmina ls ,  and the Behlman output  requi red  i s  about31 amperes 

a t  82 v o l t s  f o r  a load  of about 2 .8  KW. 

The  D . C .  power comes from a s i l i c o n  r e c t i f i e r  b r idge  w i t h  v a r i a b l e  

input  vo l tage  con t ro l  t o  ad jus t  t h e  output  t o  1 0  amperes. The two ion pumps 

are suppl ied  from indiv idua l  pump con t ro l  u n i t s  having cu r ren t  l i m i t e d  c i r c u i t s  

and maximum open c i r c u i t  vol tage of 4 .5  KV. 

B) E l e c t r i c a l  ( I n t e r r u p t i o n )  t e s t i n g  

During t h i s  q u a r t e r l y  per iod,  t h e  c a p a c i t o r s  for  the  planned 

i n t e r r u p t i o n  tests were mounted i n  t h e i r  i n s u l a t e d  boxes ( t h e  capac i to r  

ca ses  a r e  a t  mid-potent ia l  during the  tests) and placed i n  the  power supply 

metal enc losure ,  The s p e c i a l  high Q inductance c o i l s  f o r  the  A . C .  " r ing ing  

c i r c u i t "  were t e s t e d  and r e j e c t e d  because of s h o r t  c i r c u i t s  between the  

laminat ions of t he  bui l t -up  conductor. T h i s  would have caused eddy c u r r e n t s  

and l o s s e s  i n  the  c i r c u i t ,  s o  t h e y  a r e  now being r e b u i l t .  

Other  components f o r  t he  main power supply, inc luding  the  co-axial  

cu r ren t  measuring shunts ,  s a f e t y  high vo l t age  grounding swi tches ,  non- 

induc t ive  charging resistors, e t c . ,  a r e  a v a i l a b l e .  Layout of the  bus work, 

a d j u s t a b l e  jumper connections, e t c . ,  is nea r ly  complete. Study of t h e  o v e r a l l  

t e s t i n g  c i r c u i t  is  also underway t o  determine what modif icat ions could be 

made i f  t h e  test procedure i s  changed and i t  becomes necessary t o  maintain 
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test vol tage  and cu r ren t  f o r  longer than the  20 t o  30 mi l l i seconds  t h a t  has 

been expected. 

However, t h e  work on the test power supply has been a t  a minimum 

because the  de lay  i n  obta in ing  t h e  new ceramic capsules  f o r  t h e  test samples 

w i l l  extend t h e  da t e  f o r  start of t h e  tests. 

C) Mechanical Tes t ing  

F ina l  work on the  f i x t u r e s  f o r  t h e  mechanical t e s t i n g  program has been 

he ld  up due t o  the  de lays  i n  sample procurement and completion of the 

endurance tests. However, t e s t  p lans  a r e  a v a i l a b l e  and w i l l  be implemented 

so  a s  t o  m a k e  the  vibration,shock,acceleration,and acous t i c  no i se  tests 

towards t h e  middle of the  next  q u a r t e r ,  a f t e r  t h e  endurance tests a r e  complete. 
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V I 1  HEAT RUN AND ENDURANCE TEST 

A) T e s t  Procedure 

When the  i n s t a l l a t i o n  was complete, t he  Switchgear equipment was checked out  

by pass ing  r a t e d  cu r ren t  through i t  and observing thermocouple a c t i o n ,  while a t  

room condi t ions .  The oven top was then i n s t a l l e d ,  a l l  lamp connections made, and 

lamp cu r ren t  as w e l l  a s  switchgear  cur ren t  was used t o  again check opera t ion  of T . C . ' s ,  

etc. The tank l i d  was then put  i n  place and pump-down s t a r t e d .  I n i t i a l  pumping 

was w i t h  a mechanical pump through a s u i t a b l e  manifold,  and a helium l eak  check was 

made t o  be s u r e  the  equipment was t i g h t .  Pumping then continued, u s ing  so rb t ion  

pumps u n t i l  the  vacuum tank was contained on i t s  1000 liter/sec. ion  pump. 

Subsequently,  the power on the  oven lamps and tank h e a t e r s  was gradual ly  increased  

whi l e  ou tgass ing  took p l ace ,  u n t i l  a gene ra l ly  s t a b l e  condi t ion  was reached on 

May 2 ,  w i t h  the  hea t  s ink  and switchgear o u t e r  s h e l l s  a t  approximately 1000 F. 

The tank p res su re  w a s  a t  2 .3  X 10  torr .  Refer t o  Appendix B-1 ,2 ,3 ,4  & 5. 

0 

-6 

B) F i r s t  Heat Run 

The f i r s t  heat run was s t a r t e d  on May 2 ,  by applying 10  A, t o  t he  DC con tac to r  

and 200 A t o  t he  AC breaker .  Af te r  1 2  hours t h e r e  was no apprec iab le  change i n  the 

temperature  of var ious  p a r t s  of the  Switchgear, so the  AC cu r ren t  was increased  t o  

400 A, and eventua l ly  to  600 A. I t  was noted t h a t  s h o r t l y  a f t e r  i nc reas ing  the  

c u r r e n t  to  400 A, c e r t a i n  thermocouple readings on t h e  AC bus and breaker  lower 

t e rmina l s  went down. A t  t h a t  time the change was a t t r i b u t e d  t o  changes i n  t h e  

genera l  hea t  p a t t e r n .  (Subsequently i t  w a s  decided t h a t  t h i s  change took p l ace  

when t h e  c l o s e l y  spaced AC bus d i s t o r t e d  ( a s  descr ibed  below) and shor ted  toge the r  

n e a r  t he  high c u r r e n t  feed  throughs). 

- 
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F i n a l l y ,  on May 4 ,  two check t e s t s  demonstrated t h a t  t h e  AC bus  was indeed 

shor ted .  F i r s t ,  l i t t l e  or no vol tage  could be measured across  the  breaker  con tac t s .  

Second, t he  AC power was turned off, and a f t e r  about 2 hours t h e  power was turned 

on. Voltage appeared ac ross  t h e  breaker  c o n t a c t s ,  and the  con tac t s  s t a r t e d  t o  heat  

a s  shown by temperature measurements, u n t i l  approximately 45 minutes a f t e r  power was 

turned on, when the  breaker  con tac t  vo l tage  dropped suddenly t o  zero .  T h i s  l a s t  

test  was repeated ( cu r ren t  o f f ,  t h e n  on) w i t h  t h e  same r e s u l t s .  Therefore ,  i t  was 

- 
- 

decided t o  shut  down the  test and  open t h e  tank and oven f o r  i n spec t ion .  

The temperatures  obtained from r e p r e s e n t a t i v e  thermocouples dur ing  the  

f i r s t  hea t  run t e s t  descr ibed  above a r e  l i s t e d  i n  Table 1. The thermocouples 

are loca ted  a s  shown i n  Figure 15. A l l  t h e  b a s i c  d a t a  has been permanently recorded 

on c h a r t  rolls from the  two 24 point  recording mi l l i vo l tme te r s .  Important 

r e p r e s e n t a t i v e  d a t a  has been hand t r a n s f e r r e d  onto  copies  of a s p e c i a l  d a t a  shee t  

which has been developed f o r  t h i s  program and w i l l  provide quick,  permanent r e fe rence  

d a t a .  

Several  important  r e s u l t s  and observa t ions  were obta ined  dur ing  t h e  i n i t i a l  

test a c t i v i t y ,  even though f i n a l  r e s u l t s  on the  hea t  run could not  be obta ined  

u n t i l  t he  second heat run ( s e e  Paragraph B). 

1) With t h e  v a r i e t y  of adjustments a v a i l a b l e  inc luding  5 groups of lamps, 

a i r  f o r  heat sink and ion pumps, and water f o r  high c u r r e n t  feed-throughs 

and tank walls, i t  is poss ib le  t o  hold the environmental (and hea t  s i n k )  

temperature  a t  1000°F within - + 25OF. 

2) The 0 .5  l i t e r / s econd  ion pumps a t t ached  t o  t h e  capsules  were ab le  t o  hold 

-7 
t h e  pressure  i n s i d e  to 3 X 10 t o r r ,  or lower, even with maximum 

temperatures  above 1000°F. This would i n d i c a t e  t h a t  ou tgass ing  of t h e  

ma te r i a l  i n  t he  capsule  may not  be a s  s e r i o u s  a s  expected dur ing  t h e  design 

s t a g e s  of t he  program. 
-15- 
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3) The s u r f a c e  of  t he  ceramic p a r t s  of the  vacuum capsule  may be 

contaminated. A "Megger" check (with 500 v o l t s )  between t h e  f l o a t i n g  

( cen te r )  sp inning  and end connections (ground) ind ica t ed  a r e s i s t a n c e  

of as much a s  50 megohms o r i g i n a l l y ,  i n  vacuum, a t  room temperature,  

decreas ing  t o  less then 0.5 megohms a f t e r  a per iod  of t i m e  a t  environment 

temperature.  T h i s  could r e s u l t  i n  excess ive  leakage and i n  f a c t ,  

d i f f i c u l t y  dur ing  i n t e r r u p t i o n ,  although i t  may improve a s  the  test 

progresses .  I t  a l s o  i n d i c a t e s  t h a t  t h e  problem may r equ i r e  more d e t a i l e d  

i n v e s t i g a t i o n .  

C) Second Heat Run 

The vacuum tank was opened a t  the c lose  of t h e  f i r s t  heat  run ,  and i t  w a s  

found t h a t  the  c lose ly  spaced and laminated AC bus had indeed moved and shor ted  

toge the r  as a r e s u l t  of expansion and v i b r a t i o n  from the  2000 CPS test c u r r e n t .  

Therefore ,  ceramic spacers  were added t o  prevent recurrence of t h e  f a i l u r e .  

Opening t h e  tank r e s u l t e d  i n  an opor tuni ty  t o  observe t h e  switchgear  a f t e r  

-6 
approximately 50 hours a t  test temperature i n  a vacuum of 10 t o r r .  I t  w a s  noted 

t h a t  t he  switchgear  opening spr ings  and suppor ts  were s l i g h t l y  b lue i sh  ( t h e  s p r i n g s  

are made of inconel ) .  There was a l so  some dark co lo r ing  on t h e  ceramic beads on t h e  

DC l e a d s ,  e t c .  Oven s la ts  and o ther  s t a i n l e s s  and copper p a r t s  were q u i t e  b r i g h t .  

A check of t he  r e s i s t a n c e  between the  capsule  c e n t e r  spinnings and end t e rmina l s  

a t  t h e  time the  tank was being prepared for opening gave the  fol lowing r e s u l t s .  

Unit  @ 200°F & t o r r  @ Room Temp. & p r e s .  

AC Capsule 3.2 Megohms 500 Megohms 

DC Capsule 1 .7  Megohms 500 Megohms 

Mote: These va lues  may be compared w i t h  t he  r e s u l t s  shown i n  Table 1, which 

- 

i n d i c a t e d  r e s i s t a n c e  was l e s s  than 1 Megohm a t  high temperature and 

vacuum. 
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A n  a d d i t i o n a l  problem developed during opening of t h e  tank i n  t h a t  w h i l e  t he  

DC capsule  ion  pump cont inued to  perform s a t i s f a c t o r i l y  and i n d i c a t e  a good vacuum 

when t h e  switchgear  was a t  room condi t ion ,  t h e  AC capsule  p re s su re  apparent ly  went 

up appreciably.  The AC pump c o n t r o l  i nd ica t ed  t h e  vacuum i n  the  capsule  was a t  

least t o r r ,  a va lue  that w a s  confirmed by subsequent DC leakage checks. 

However, i t  was decided t o  c l o s e  up the  tank and proceed wi th  the second hea t  run, 

with t h e  hope t h a t  t h e  AC capsule  pressure  would reduce (when t h e  tank p res su re  

w a s  i n  t h e  10  or 1 0  t o r r  range) and the  ion  pump would s t a r t  pumping again.  -6 -7 

The tank was c losed ,  pumped down and checked out  over  a 24 hour per iod .  The 

oven was brought up t o  f u l l  temperature and when condi t ions  had s t a b i l i z e d ,  the 

second hea t  run was s t a r t e d  on May 11 a t  0900. The f i r s t  check was made w i t h  300 

amps, 2000 cps ,  appl ied  t o  t h e  AC breaker  and 10  amps DC app l i ed  t o  t he  DC con tac to r .  

I n  45 minutes the  temperature of the  Switchgear had apparent ly  s t a b i l i z e d .  C r i t i c a l  

d a t a  i s  l i s t ed  i n  t a b l e  11. The results showed the  AC con tac t s  ro se  45 F, t h e  top  

of t h e  capsule  rose  35 E', t h e  upper te rmina l  ro se  65 F, the  lower terminal  35 F, and 

the bottom of the  capsule  rose  5 0  F. 

0 

0 0 0 

0 

A t  1115 t h e  AC cu r ren t  was ra i sed  t o  600 amperes ( the  DC remained a t  10 amperes). 

Temperatures were about stable a t  1300. The r e s u l t s  a t  t h i s  t i m e  showed the  AC 

c o n t a c t s  ro se  another  65 F, the  top  of t h e  capsule  another  45 F, t h e  upper te rmina l  

ano the r  45 F, t h e  lower terminal  an a d d i t i o n a l  90 degrees ,  and t h e  bottom of t h e  

capsu le  another  50 F, 

I n  s u m a r y ,  t he  hea t  run showed a f i n a l  t o t a l  r i s e  a t  key  p o i n t s ,  of the 

0 0 

0 

0 

fo l lowing  temperatures  (which a r e  taken from Test  Resul t s  Reports ,  Appendix C-1 & 2) 
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A C -  

D C -  

Contact s u r f  ace  

Top of Capsule 

Upper t e r m  

Bottom of  Capsule 

Lower t e r m  

Upper Radiator  

She l l  (near  upper r a d . )  

Heat Sink 

Top of Capsule 

Bottom of Capsule 

Term i n  a1 

Heat Sink 

R i s e  

llO°F 

80°F 

llO°F 

100°F 

125OF 

85OF 

55'F 

15OF 

- 

50°F 

55OF 

3 5OF 

45OF 

Tota l  

107 O°F 

1090°F 

1080°F 

1045OF 

1045'F 

1060°F 

- 

1045O~ 

1025OF (With a i r  cool ing  
c o i l s )  

102 5OF 

975OF 

965OF 

1055OF (No s p e c i a l  cool ing)  

One conclusion from t h i s  d a t a  would be t h a t  t he  AC temperature rise of t h e  

c o n t a c t s  was less than one t h i r d  the  maximum p o s s i b l e  rise considered dur ing  the  

des ign  s t a g e s  of t h e  program (see Quar t e r ly  #3). This  may be due t o  welding of 

t h e  c o n t a c t s  (which cannot be checked u n t i l  t h e  test i s  completed) but  more l i k e l y  

i s  due t o  lower then expected r e s i s t ance .  The conductor ba r s  were a t  such a 

temperature  t h a t  t h e r e  was only a small d i f f e r e n c e  ac ross  the  te rmina ls  (5 t o  15 F 

i n  more than 1000 F) .  The DC contac tor  temperature r i s e  due t o  cu r ren t  hea t ing  w a s  

a c t u a l l y  smaller then shown above, because the  hea t  s ink  rose  appreciably (45'F) 

due t o  lack  of heat  removal f a c i l i t i e s ,  a s  compared with t h e  a rea  around t h e  AC 

b reake r  which rose  only 15OF due t o  t h e  a i r  f i l l e d  cool ing  c o i l s .  

0 

0 

The h e a t  .run d a t a  a l s o  showed t h a t  t h e  temperature of t h e  AC a c t u a t o r  p ivo t  

reached a t o t a l  of 1115OF (probably due p a r t l y  t o  the  s l a t  and upper lamp hea t ing )  

-18- 
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while the  main so lenoid  c o i l  pocket had a temperature of 1085OF. 

could be compared with the  reading a t  t he  top  of t h e  AC capsule  of 1090°F, and the  

DC capsule  of 1025OF. 

a i r  flow, which kept  t h e  tube  connecting the  pump t o  t h e  lower capsule  d isk  a t  

about 925OF. 

0 
t h e  capsule)  showed a temperature of 300 F or l e s s ,  i n d i c a t i n g  the  hea t  s h i e l d i n g  

and a i r  cool ing  was e f f e c t i v e l y  keeping the  pump temperature wi th in  des i r ed  

ope ra t ing  l i m i t s .  

Both temperatures 

The capsule  ion pumps were both being cooled by a continuous 

The thermocouples on t h e  pump magnet suppor ts  ( t h e  s i d e  away from 

D)  High P o t e n t i a l  T e s t  

I n i t i a l  high p o t e n t i a l  check was made between the  c e n t e r  ( f l o a t i n g )  sp inning  

of each capsule  and the  end terminal ,  while a t  low (room) temperature,  a t  vacuum 

and atmospheric pressure .  The results, inc luding  d a t a  obtained a f t e r  te rmina t ion  

of t h e  f irst  heat run, a r e  included i n  p a r t  C. above. A t  room condi t ions  the  

r e s i s t a n c e  was more than 500 megohms (with 500 Volt Megger) on both AC & DC 

capsu le s ,  bu t  at high temperature was much lower. 

On May 11 a t  1400, while  tak ing  heat run d a t a  recorded i n  t a b l e  11, both t h e  

AC & DC capsule  high vo l t age  withstand a b i l i t y  was given a prel iminary DC high 

p o t e n t i a l  check between c e n t e r  spinning and end t e rmina l s .  The AC u n i t  would hold 

a maximum of only 400 v o l t s ,  a t  which poin t  t h e  leakage was 1 . 0  mill iamps. A s  the  

v o l t a g e  con t ro l  was f u r t h e r  advanced, t h e  vol tage  would not  i nc rease  but  t h e  c u r r e n t  

ro se  r ap id ly .  The DC u n i t  he ld  a maximum of 5 KV ( t h e  l i m i t  of t he  i n i t i a l  test s e t ) ,  

a t  which poin t  t h e  leakage cur ren t  was 1.5 mil l iamperes .  The leakage cu r ren t  with 

2.5 KV appl ied  was 0.5 millamperes. 

The i n i t i a l  high p o t e n t i a l  t e s t  w i t h  f u l l  r a t e d  power supp l i e s  was made on 

May 13, s h o r t l y  a f t e r  t he  s t a r t  o f  t h e  endurance test. Data from these  tests a r e  

given i n  T e s t  R e s u l t s  Report TR #3 & 4 - Appendix C-3 & 4. 
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1) D.C. Tes t  

The DC vol tage  was r a i sed  t o  8 .1  KV, a t  which poin t  t h e  leakage cu r ren t  

was 3 5 milliamperes.Attempts to  f u r t h e r  i nc rease  t h e  vol tage  r e s u l t e d  i n  no 

vo l t age  change but  a r a d i c a l  increase  i n  leakage cu r ren t s .  

Subsequent tests on t h e  DC u n i t  showed f u r t h e r  reduct ion i n  vol tage  

withstand a b i l i t y  (and appreciable  leakage c u r r e n t )  i n d i c a t i n g  d e t e r i o r a t i o n  

of t h e  capsule  ceramic in su la t ion  (or t h e  i n t e g r i t y  of t h e  i n s u l a t i o n  on the  

l e a d  connecting t o  t h e  capsule) .  

Resul t s  of t h e  tests for t h i s  f i r s t  check, are  given i n  more d e t a i l  i n  

Report TR #4 (see Appendix C-4). A second series of tests w i l l  be  conducted 

a t  t h e  conclusion of t h e  Endurance T e s t .  

2 )  A.C. T e s t  

The AC vo l t age  of 2000 cps  w a s  o r i g i n a l l y  used t o  check t h e  capsule  

ceramic i n s u l a t i o n  on May 17, but no apprec iab le  vol tage  could be observed. 

Apparently t h e r e  was excess ive  leakage c u r r e n t ,  thus l i m i t i n g  t h e  output  of 

t h e  s p e c i a l  t ransformer.  

Subsequently,  t h e  leakage condi t ion  improved, and on May 19 ,  e i g h t  days 

a f t e r  t h e  Endurance test  s t a r t e d ,  a recheck showed t h a t  a withstand of 1000 

v o l t s ,  2000 cps  was obta ined ,  with a leakage cu r ren t  of 0 .3  mil l iamperes .  

D a t a  from t h e  test i s  given i n  more d e t a i l ,  i n  TR #3 (see Appendix C-3) 

for t h i s  f i r s t  series of tests. A second series w i l l  be made a t  t h e  end of 

t h e  Endurance tes t .  
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E)  Endurance T e s t  

Following the  heat run tes t ,  and a s  soon as the  temperature of a l l  c r i t i c a l  

p o i n t s  had apparent ly  s t a b i l i z e d ,  the endurance tes t  was s tar ted.  T e s t  t i m e  recording 

w a s  i n i t i a t e d  on May 11 a t  1600. Through the  c l o s e  of t h i s  q u a r t e r l y  r e p o r t i n g  

per iod,  a t o t a l  of 575 hours had been logged so t he  required 1000 hours was more 

then ha l f  completed. 

As the tes t  progresses ,  a cont inual  chart  record is made every 5 t o  6 minutes 

of a l l  a c t i v e  thermocouples. Technician obse rva t ions  and hand recording of key 

readings are made twice a day on a continuing l o g  sheet. Typical readings from 

t h i s  l o g  are  l i s t e d  i n  table 111. The r e s u l t s  i n d i c a t e  a very s tab le  cond i t ion  

e x i s t s  i n  the  oven, test tank, and the  switchgear.  Minor v a r i a t i o n s  are undoubtedly 

due to  s l i g h t  misalignment of c h a r t  paper as r o l l s  are changed, and minor v a r i a t i o n s  

i n  readings by the  s e v e r a l  t echn ic i ans  involved w i t h  t h e  tes t .  
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VI11 SCHEDULE AND PLAN'S 

me development of assembly and s e a l i n g  techniques,  p l u s  e x t r a  assembly t i m e  

to  complete t h e  i n t e r r u p t e r  u n i t s  and a c t u a t o r s ,  delayed the  s t a r t  of i n s t a l l a t i o n  

i n  the  test tank for t he  hea t  run and endurance tests. The i n s t a l l a t i o n  a l s o  

involved more complexi t ies  than  o r i g i n a l l y  expected,  and t h e  i n i t i a l  heat  run test 

had t o  be terminated and co r rec t ions  made before  s t a r t i n g  the  a c t u a l  tes t ,  a s  

explained i n  Sec t ion  VI1 B & C of t h i s  r e p o r t .  The o v e r a l l  r e s u l t  has been a s i x  

weeks s l i ppage  i n  completion of t h e  endurance t e s t ,  now expected by  t h e  end of 

June. 

An even g r e a t e r  delay w i l l  be encountered i n  completing the  i n t e r r u p t i o n  tests, 

for new ceramic seal assemblies  made t o  the  new design d iscussed  i n  Sec t ion  I11 A 

of t h i s  r e p o r t  w i l l  no t  be ava i l ab le  u n t i l  t h e  end of June. N e w  vacuum capsule  

w i t h  t h e  new ceramic assemblies  must be processed and assembled i n t o  i n t e r r u p t e r  

u n i t s ,  be fo re  the  i n t e r r u p t i o n  tests can s t a r t .  I n  now appears t h a t  these tests 

should be  completed by t h e  middle of September. 

A s  soon as the  endurance test is complete, c o i l s  w i l l  be  i n s t a l l e d  i n  t h e  

a c t u a t o r s ,  and the  Switchgear units w i l l  be mechanically t e s t e d  ( a s  previously 

planned) i n  Schenectady and Phi lade lphia .  These tests should be complete by 

e a r l y  August. 

I t  is  expected t h a t  t he  program, as now de f ined ,  w i l l  be completed dur ing  

t h e  next  q u a r t e r l y  per iod .  
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APPENDIX A 

EVACUATION, BAKE-OUT, AND SEAL-OFF OF VACUUM CAPSULE 
FOR HIGH TEMPERATURE SWITCHGEAR 

The completed capsule  assembly ( t h e  capsule  wi th  an ion  pump and n i cke l  

0 
evacuat ion tube  welded i n  p l ace )  w a s  baked-out a t  1200 F f o r  25 t o  30 hours. A 

s p e c i a l  clam s h e l l  type  furnace w a s  cons t ruc t ed ,  u s ing  s i x  500 w a t t  q u a r t z  lamps 

as t h e  heat source.  The clam s h e l l  furnace  was placed about the  capsule  assembly 

i n s i d e  a vacuum chamber, as shown i n  Figure 1. The vacuum chamber a t  a p re s su re  

of t o r r ,  or lower, provided p ro tec t ion  from oxida t ion  t o  t h e  o u t s i d e  of t h e  

capsu le  dur ing  bake-out, while the i n s i d e  of the capsule  assembly was evacuated 

through a tube  t o  an ex te rna l  pumping s y s t e m .  The ex te rna l  pumping s y s t e m  

cons i s t ed  of a l i q u i d  n i t rogen  cooled so rb t ion  pump and a 25 l i t e r  pe r  second 

ion  pump, arranged a s  shown i n  Figure 2. 

Because t e f l o n  i n s u l a t i o n  w a s  used f o r  t h e  high vol tage  ion pump l ead  of  the  

0 
capsule  assembly, t h e  ion pump temperature could not  exceed 400 F dur ing  bake-out. 

A maximum temperature  of 360 F was maintained by p l ac ing  a water  cooled copper 

c o i l  around the ion  pump assembly. 

0 

Pressu re  measurements i n s i d e  the  capsule  assembly were read a t  t h e  e x t e r n a l  

pumping system. Because of conductance l i m i t a t i o n  of the  evacuat ion tube, p re s su re  

i n  t h e  capsule  assembly w a s  ca l cu la t ed  t o  b e  approxim a t e l y  100 t i m e s  the e x t e r n a l  

reading.  P r i o r  t o  bake-out, t h e  ceramic components of both completed capsule  

assembl ies ,  had very small leaks on t h e  o rde r  of 2 .9  X lo-'' s t c .  cc/sec.  of a i r  

at t h e  lower metal to  ceramic brazed j o i n t .  

The p r e s s u r e  i n  capsule  4-5 (which was used for t h e  AC C i r c u i t  Breaker) was - 
1 2 X t o r r ,  as read a t  t h e  ex te rna l  pumping s t a t i o n  before  tu rn ing  on the  

fu rnace  f o r  bake-out. Af t e r  a 25 hour bake-out and slow cool ing  t o  room 

-2 7- 
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temperature,  t he  p re s su re  was 1 . 0  X 10 t o r r .  Back-f i l l ing  the  vacuum chamber 

with a i r  caused the  p res su re  t o  r i s e  t o  1 . 6  X 10 t o r r ,  again i n d i c a t i n g  the 

before  mentioned leak. A vacuum leak s e a l e r ,  s i l i c o n e  r e s i n  GE SR-82 and Xylol 

s o l v e n t ,  was pa in ted  on the  l eak ing  metal t o  ceramic j o i n t ,  and cured a t  400 F 

f o r  1 hour .  The capsule  pressure  a f t e r  cool ing  was 8 .4  X 10 t o r r ,  and a f t e r  

pumping over  n i g h t  i t  read 8.0 X 10 torr. A t  t h i s  t i m e  t he  capsule  assembly 

was ready f o r  pinch-off s e a l i n g  of t h e  n i cke l  evacuat ion tube.  

-8 

0 

-9 

-9 

Several  t r i a l  p i eces  of "as-received" n i c k e l  tube had been pinched-off u s ing  

a hydrau l i c  powered pinch-off t o o l .  Leak t e s t i n g  of these j o i n t s  w i t h  a he l ium 

mass spectrometer ,  showed them to  be leak t i g h t .  S ince  these  tubes  had not been 

vacuum outgassed p r i o r  t o  cool ing ,  n o  d i f f i c u l t i e s  were contemplated i n  s e a l i n g  

capsu le  tubes.  

-9 Afte r  pinch-off of the capsule  tube the p res su re  dropped t o  4 .8  X 10 , 

which ind ica t ed  very minute leakage of t h e  capsule  assembly. This  leakage was 

e a s i l y  overcome by t h e  small ion  pump on t h e  capsule  assembly a s  shown by i t s  

success fu l  opera t ion  a f t e r  pinch-off. The pinch-off s ea l ed  capsule  assembly 

was then t r a n s f e r r e d  t o  t h e  e l ec t ron  beam w e l d  chamber, where i t  was permanently 

s e a l  welded a t  the pinch.  

Capsule 3-2 (which was used f o r  the  DC Contactor)  was baked-out under t h e  

same cond i t ions ,  w i t h  only small d i f f e rences  i n  processing p res su res .  The p re s su re  

b e f o r e  bake-out was 1.1 X 10 t o r r ,  almost i d e n t i c a l  w i t h  capsule  4-5. Af t e r  

bake-out t h e  p re s su re  w a s  down to  5 .6  X 10 t o r r ,  which was lower than was 

achieved with capsule  4-5. Back-f i l l ing t h e  chamber w i t h  a i r  brought t h e  p re s su re  

up t o  1 .3  X t o r r ,  i n d i c a t i n g  a l a r g e r  leak. Vacuum leak s e a l e r  was appl ied  

t o  t h e  lower metal t o  ceramic brazed j o i n t ,  wi th  only s l i g h t  improvement i n  the  

-8 
7 

-9 
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pressure .  With l o c a l i z e d  spraying of argon gas and observat ion of t he  p re s su re ,  

a leak was found apparent ly  i n  t h e  spun Rodar d i s h  a t  t h e  bottom of t h e  capsule .  

Applicat ion of t he  vacuum leak s e a l e r  brought t h e  p re s su re  down t o  4 . 4  X 10 t o r r .  

Pinch-off and s e a l  weld w a s  made as w i t h  capsule  - 4-5, w i t h  equa l ly  good r e s u l t s .  

The ion  pumps of both capsule  assemblies were kept  pumping dur ing  f i n a l  assembly 

t o  preserve  t h e  ca l cu la t ed  10 t o r r  i n t e r n a l  pressure .  

-9 

-7 

Previous experimentation w i t h  t h e  above mentioned s i l i c o n e  vacuum s e a l a n t ,  

0 
had shown no d i f f i c u l t y  with out-gassing a t  temperatures  t o  1100 F when f irst  

cured at 400 F f o r  1 hour.  I t  is poss ib l e  t h e  s e a l a n t  w i l l  not  remain throughout 

t h e  endurance run,  However, i t  w i l l  maintain t h e  capsule  vacuum u n t i l  t h e  test  

chamber reaches test condi t ions  and so  w i l l  have achieved i t s  intended purpose. 

The u l t r a  high vacuum of t h e  t es t  chamber w i l l  p reserve  t h e  capsule  vacuum, even 

if s l i g h t  leakage occurs  during endurance run. 

0 
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APPENDIX B-1 

T Y P E  O? TEST 

1 P A G E  OF 
TEST SPEC. NO. 

TS #’ T E S T  S P E C I F I C A T I O N  

PROGRAM 

E l e c t r i c a l  Switchgear f o r  Space Nuclear E lec t r ica l  Systems 
CONTRACT NO. 

I. Dovim to k tosted 

I). Gomral doscription of h s t  

111. f o s t  facilitios including description, roforenco and typo 

IV. Dotail toat procedure 

L .  

[I .  

:11. 

: v  

n A ~ ?  Revised 
A. H.  Powell 12-9-65 6-15-66 

SIGNATURE DATE 

NAS 3-6467 Heat Run - Design Evaluat ion Test  
APPROVE BY 

69@4 
LOCATION OF TEST FACILITY (CITY.-IILDG.) 

G. E. Co., Evendale, Ohio - Bldg. #700 - SPPS 

AC Vacuum C i r c u i t  Breakers r a t e d  1 phase, 1000 v o l t s ,  600 A, 2000 cps.  

0 -6 
P lace  Breaker i n  an environment of 1000 F ,  10 Torr  (or lower) p re s su re ,  and 
measure temperature  rise while  car ry ing  u p  t o  600 A cont inuously u n t i l  a s teady  
state cond i t ion  i s  observed. Record temperature of c r i t i c a l  p a r t s  and cu r ren t  
with 300 and 600 A. 

Uni t s  t o  be mounted i n  s p e c i a l  oven, Drawing #246R863, and placed i n  h igh  vacuum 
chamber des igna ted  CIV.  Power f o r  test cu r ren t  suppl ied  by s p e c i a l  high cu r ren t  
t ransformer  from Behlman high frequency e l e c t r o n i c  genera tor .  Thermocouples t o  be 
Platinum-Platinum Rhodium with automatic reading of va lues  on Honeywell recorder .  

Test  Procedure 
~- 

A Set-Up 
1) Attach thermocouples t o  show v i t a l  ho t  s p o t s  on a c c e s s i b l e  p o i n t s  of 

Breaker as shown on de ta i l  ske tch ,  Figure 15. 
2) Connect Breaker t o  a p a i r  of high cu r ren t  feed-thrus ,  u s ing  laminated low 

inductance copper bus provided by Engineering. Also connect t he  f l o a t i n g  
s h i e l d  of t h e  breaker  t o  a 5A, 7.9 KV feed-thru conductor.  

t o  t h e  high cu r ren t  t ransformer,  permi t t ing  cu r ren t  adjustment and high 
vo l t age  t e s t i n g .  

c u r r e n t  (from previous c a l i b r a t i o n ) ,  

3)  Outside te rmina ls  of high cu r ren t  feed-thrus are t o  be c l o s e l y  connected 

4) U s e  t ransformer primary cu r ren t  measurement as an i n d i c a t i o n  of t h e  high 

B. Heat Run 
1) Connect t he  Breaker power feed-thrus  i n  series with t h e  high cu r ren t  t r a n s -  

former.  The primary of the t ransformer w i l l  be suppl ied by the  Behlman’ 
v a r i a b l e  frequency power u n i t ,  set a t  2000 cps .  

2 )  U s e  c a l i b r a t e d  meters s u i t a b l e  f o r  t he  frequency t o  measure cu r ren t  and 
vo l t age .  A l l  temperatures to  be p l o t t e d  on t h e  automatic  m i l l i v o l t  
recorders .  

3) Raise vol tage  (and cu r ren t )  i n  s t e p s  of 300A, hold ing  each va lue  u n t i l  
temperature  i s  cons tan t  with t h e  oven a t  1000 F. 

4)  A t  t h e  conclusion of t h e  Heat Run, make High Voltage Liakage test (Refer t c  
Test  Spec i f i ca t ion  # Switchgear - TS #3). 

0 

FORMAT PREPARED DY I 
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APPENDIX B-2 

1 PAGE O F  

TEST SPEC. NO. 

TS #2 T E S T  S P E C l F l C A T J O N  

T Y P E  O F  TEST 

Heat Run - Design Evaluat ion T e s t s  

I 

PRO CRAM 

CONTRACT NO. 

NAS 3-6467 

LOCATION O F  TEST F A C I L I T Y  fClTY,-BLDG.) 

G. E .  Co., Evendale, Ohio - Bldg. #700,  SPPS 

A P P R O V E D B Y  

I. 

11. 

V. 

One DC vacuum con tac to r  r a t e d  s ing le  p o l e ,  10 A . ,  10 KV.  

P l ace  con tac to r  i n  an environment of 1000 F,  10 Torr  (or lower) p re s su re ,  and 
measure temperature rise while  car ry ing  10 amperes cont inuously.  

0 -6 

Unit  t o  be mounted i n  s p e c i a l  oven Drawing #246R863 and placed i n  high vacuum 
chamber, designated C I V .  Current for  t e s t  suppl ied  by DC r e c t i f i e r  power supply 
from AC input  Thermocouples t o  be Platinum-Platinum/Rhodium, with automatic  
reading of va lues ,  a long with cur ren t  measurement. 

Tes t  Procedures 

A) Set-Up 
1 )  Attach thermocouples t o  measure the  enc los ing  s h e l l  pump, and mechanism 

temperature as shown i n  Figure 15 ,  

2) Connect t he  te rmina ls  t o  p a i r s  of 5A., 1 KV feed-thru l e a d s  wi th  #12 
copper conductors .  Connect t h e  ex te rna l  feed-thru te rmina ls  t o  t h e  DC 
power supply,  with provis ions  f o r  cu r ren t  measurements. 

3) Attach a w e l l  i n s u l a t e d  (ceramic beads) (25 KV) small (#14) l e a d  from t h e  
f l o a t i n g  s h i e l d  on t h e  contac tor  t o  t h e  25 KV feed-thru,  f o r  u s e  i n  t h e  
Hi-Potent ia l  Leakage Tes t .  

B) Heat Run 
1 )  Connect t h e  contac tor  t o  t h e  10  A DC power supply,  a t  t h e  feed-thrus .  U s e  

an ammeter t o  measure the  cu r ren t .  

2) Raise cu r ren t  t o  10 amperes and maintain t h i s  va lue  dur ing  t h e  h e a t  run 
test  e 

3) Record thermocouple output va lues  on automatic m i l l i v o l t  char  r eco rde r s .  

4) A t  t he  conclusion of t h e  Heat Run, make High Voltage Leakage Tes t  ( r e f e r  
t o  T e s t  Spec i f i ca t ion  # Switchgear - TS #4) .  

~~ - 

FORMAT 

1. Device to bo tested 

11. General description of test 

111. 
IV. Detail test procedure 

Test facilities including description, reference and tvp* 

P R E P A R E D  BY 

(dd) Revised 
A.H.Powel1 12-9-65 6-15-66 
SIGNATURE DATE 



APPENDIX B-3 

T Y P E  O F  TEST 

High Voltage Leakage 
LOCATION O F  TEST F A C I L I T Y  fClTY,-'BLDO.~ 

G.  E .  Co., Evendale, Ohio - Bldg. 700 - SPPS 

~~ 

PAGE O F  

CONTRACT NO. 

NAS 3-6467 

TEST SPEC. NO. 

TS #3 
T E S T  S P E C I F I C A T I O N  

One AC vacuum ( sea l ed )  c i r c u i t  Breaker r a t e d  1 phase, 600 A ,  2000 cps .  

With Breaker  i n  high temperature and vacuum environment a s  descr ibed  i n  Switchgear 
T.S. #1, determine leakage cu r ren t  across  capsule  i n s u l a t i o n  w i t h  1500 v o l t s ,  
2000 cps appl ied .  

Breaker w i l l  be mounted i n  the  spec ia l  oven, and i n  the  high vacuum chamber de- 
s igna ted  C I V ,  as i t  was f o r  t he  Heat Run T e s t  (Switchgear T.S. #1) and without 
changing t h e  set-up i n  the  chamber. The high v o l t a g e  w i l l  be suppl ied  from t h e  
s p e c i a l  high frequency t ransformer,  w i t h  a milliammeter used t o  measure leakage 
c u r r e n t .  

A determinat ion of t he  leakage cu r ren t ,  i f  any, ac ross  the  vacuum capsule  i n s u l a t o r s  
w i l l  b e  made immediately af ter  1) t h e  Heat Ftun test ,  and a l s o  2) a f t e r  t h e  long t i m e  
Endurance T e s t .  The procedure f o r  making the  test is  as fol lows:  

A )  The high cu r ren t  transformer l e a d s  need not  be disconnected. The Ion 
Pump power supply a l s o  t o  be l e f t  energ ized .  Maintain environment 
temperature  and pressure .  

B) Apply one of the  high vol tage  l eads  (from s p e c i a l  t ransformer)  t o  l e a d  
from " f loa t ing"  s h i e l d  a t  7 .9  KV feed-thru.  

C) Apply o t h e r  l e a d ,  through a s u i t a b l e  milliammeter, t o  one of power 
feed-thrus  and connection t o  sea led  u n i t  con tac t s .  

D) Raise v o l t a g e  t o  min. of 1 . 5  KV and if p o s s i b l e  (without f l a shove r )  t o  a 
max. of 3 KV, 2000 cps appl ied.  T h i s  checks vacuum capsule  i n s u l a t i o n  t o  
ground 

11. Gonoral doscription of tost 
111. 
IV. Dotail tost procoduro 

lost facititios including doscription, nhronco and typo Revised 
8-2-65 6-15-66 

SONATURE DATE 
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T Y P E  OF T E S r  

High Voltage Leakage 
LOCATION O F  TEST FACILITY (CITY,-BLDO.) 

G. E.  Co,,  Evendale, Ohio Bldg. 700, SPPS 

APPENDIX B-4 
1 

PAGE O F  

CONTRACT NO. 

NAS 3-6467 

T E S T  S P E C I F I C A T I O N  

FORMAT 

1. h v i c o  to k hstod 

II. Gonoral description of h s t  

111. Tost facilitios including doscription, roferenco and type 

IV. Dotail h s t  prosoduro 

T E S T  SPEC. NO. I Tf #4 

P R E P A R E D  BY 

0 4d3 Revised 
A .  H. Powell 8-21-66 6-15-66 
SIGNATURE DATE 

I 

?ROCRAY 

Electr ical  Switchgear for Space Nuclear E lec t r ica l  Systems 

Device is  s i n g l e  po le  DC vacuum Contactor r a t e d  10 A,  10 KV. 

T e s t  w i l l  determine leakage c u r r e n t  ac ross  i n s u l a t i o n  of vacuum capsule  with up t o  
1 5  KV app l i ed  w h i l e  Contactor i s  i n  t h e  high temperature and vacuum environment 
descr ibed i n  Switchgear T . S .  #2, 

T e s t  f a c i l i t y  w i l l  include the  oven and vacuum chamber used for t h e  Heat Run, w i t h -  
ou t  d i s t u r b i n g  t h e  set-up i n  t h e  chamber. High v o l t a g e  w i l l  be suppl ied by a DC 
t es t  se t ,  and a m i l l i a m m e t e r  w i l l  be used t o  measure leakage c u r r e n t .  

A determination of t h e  leakage c u r r e n t ,  i f  any, w i l l  be made immediately af ter  
1) the  Heat Run and a l s o  2 )  a f t e r  t h e  Endurance T e s t .  The procedure f o r  making 
t h e  test is as follows: This tes t  w i l l  be made a t  t h e  same t i m e  as t h e  test on 
t h e  AC Breaker (T.S.  #3). 

A) Remove DC power supply and connect t h e  feed-thru conductors t o  ground. 
Leave I o n  Pump power supply energized. Maintain environment temperature 
and p res su re ,  

B) Attach one s i d e  of high vo l t age  DC test power supply t o  t h e  grounded 
t e r m i n a l s ,  through a s u i t a b l e  m i l l i a m m e t e r .  Connect t h e  o t h e r  lead t o  t h e  
25 KV feed-thru and t h e  f l o a t i n g  s h i e l d  of t h e  vacuum capsules .  

C) Raise v o l t a g e  t o  a min. of 15 KV and i f  p o s s i b l e  (without f l a shove r )  t o  a 
max. of 25 K V . ,  measuring t h e  leakage c u r r e n t  ac ross  the  vacuum u n i t  
i n s u l a t i o n .  Th i s  checks the  vacuum capsu le  i n s u l a t o r s .  



APPENDIX B-5 

TEST SPECIFICQJION 

Elec t r&ca l  Switchgear for Space Nuclear E l e c t r i c a l  Systems 
v# OC TEST C 0 l ) t H n  NO 

Endurance (Heating) NAS 3-6467 
m m N  W TEST S@CIU?I CCCtrV, .LOG) e)cHIovao *v 

G. E. Co., Evendale, Ohio Bldg. 700, SPPS 

I 

I1 

Samples to be t e s t e d  a re :  

AC B r e a k e r  r a t e d  1 phase, 1 KV, 600 A, 2000 cps  Dwg. #422D129 
DC Contactor  r a t e d  1 0  K V . ,  10 A . ,  Dwg. #422D1301 

A f t e r  completion of Heat Run tests and f i r s t  High P o t e n t i a l  ( leakage)  t es t ,  make 
Endurance test  f o r  1000 hours. 

A) U s e  same switchgear  cur ren t  s e t t i n g s ,  oven temperatures ,  and hea t  s ink  cool ing  
as recorded a t  completion of Heat Run test. 

B) Continue t e s t  f o r  1000 hours. 

C) Measure thermocouple outputs  ( t o  provide temperature measurement) of a l l  
a c t i v e  T.C.'s, us ing  a continuous paper c h a r t  m i l l i v o l t  recorder .  

D) P e r i o d i c a l l y  ( a t  l e a s t  twoce/day) check s p e c i f i c  and c r i t i c a l  temperatures  
( a s  determined by Engineering) and hand record information on s p e c i a l  form, 
along w i t h  d a t a  showing Switchgear c u r r e n t ,  tank and capsule  p re s su re ,  
r e s i s t a n c e  of capsule  t o  ground, and hours on test. 

w4 . H. Powel 1 5-11-66 
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APPENDIX C-1 

1 PAGE O F  

T Y P E  O f  TEST 

Heat Run - (A.C.) 

LOCATION o r  TEST 

G . E .  Co Evendale Ohio, Bldg. 700 SPPS 

T E S T  R E S U L T S  

C O N T R A C T  NO. 

NAS 3-6467 

TEST SPEC. REF.  (NO. & DATE] 
Revised 

TS #’ 6-15-66 

4. Devta teahd 

11. Rmfomnu to mooauring inatrunmnta 

111. 

US& - dot. lost A c k d  

Rmsulta - Description - Tobulotion 
of volw. 

Measurements made w.ith c a l i b r a t e d  recorders  and s p e c i a l  high frequency 
Ammeter and Voltmeter, on May 11. 

0 
With t h e  oven, hea t  s i n k ,  and switchgea a t  approximately 1000 F, i n  t h e  C I V  -6 vacuum tank with a p res su re  of about 2 X 10 t o r r ,  t h e  heat  run s t a r t e d  with 300 amp 

2000 c p s ,  appl ied  t o  t h e  AC breaker.  The t o t a l  temperature s t a b i l i z e d  a f t e r  
approximately 1 hour with t h e  load cu r ren t .  Resul t s  were shown i n  d e t a i l  on t h e  char  
read-out of thermocouple outputs .  Typical important results are shown i n  t h e  t a b l e  
below. 

&$$&,d! ’& A. H. Powell 6-15-66 
SIGNATURE- DATE SI ON ATU R E I D A T ~  

After  checking t h e  r e s u l t s  with t h e  300 amperes flowing, t h e  breaker  load  
cu r ren t  was r a i s e d  t o  600 amperes. Af te r  approximately 1 hour, temp rise had again 
s t a b i l i z e d .  Following another  2 hours of opera t ion ,  f i n a l  r e s u l t s  were recorded, 
and t y p i c a l  da t a  is  given i n  t h e  t a b l e  below. 

Measu remen t Po i n  t R i s e  --300 A. 
A.C. Contact Sur faces  45°F 
Top of Oapsule 
Upper Term 
Bottom of Capsule 
Lower Term 
Upper Radiator  
Outer She l l  (nr.Rad 
Heat Sink 

35zF 
650F 
500F 
350F 
350F 
25 F 

5OF 

R i s e  - 600 A. 
6 5:F 
4 50F 
450F 
500F 
900F 
500F 
300F 
10  F 

Tota l  Rise 
1lO;F 
80 F 

11 OZF 
100oF 
1250F 

850F 
550F 
1 5  F 

Conclusion - Temperature r ise  i s  reasonable and lower then o r i g i n a l l y  ex ec t ed .  8 Maximum rise of t he  contac ts  above t h e  hea t  s ink  i s  only 95 F. 

I 

C O R M A T  P R E P A R E D  B Y  A P P R O V E D  B Y  I I 
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T Y P E  O f  TEST 

H e a t  Run - (D.C.) 
L O C A T I O N  O F  TEST 

6. E .  Co., Evendale Ohio, Bldg. 700 SPPS 

NO. 

TR #2 T E S T  R E S U L T S  

C O N T R A C T  NO. 

NAS 3-6467 
TEST SPEC. REF.tN0. & DATE)  

Revised 
TS *2 6-15-66 

F O R M A T  

L De~4g.toat.d 

Measurement of cu r ren t  made with s p e c i a l l y  c a l i b r a t e d  panel meter i n  D.C. 
( s t a t i c )  generator"  

0 With t h e  oven, hea t  s i n k ,  and switchgea a t  approximately 1000 F,  i n  the  C I V  -7 vacuum tank w i t h  a p re s su re  a t  about X 10 t o r r ,  t h e  hea t  run was s t a r t e d  wi th  
10 amperes appl ied  t o  t h e  contac tor ,  on May 11. 

P R E P A R E D  B Y  A P P R O V E D  6 Y  

A 

I t  v-as hard t o  d e t e c t  any s p e c i f i c  temperature rise of e f f e c t  from the  
r e l a t i v e l y  lovr  D . C .  cur ren t .  A total rise, over  temperature before  t h e  test s t a r t e d ,  
of c r i t i ca l  p o i n t s  i n  t h e  Switchgear a r e  given below. 

II. Roforono to moaauring inatruwnta 
u a d  - d a h  last chockd 

111. Roaulta - Dareription - Tabulation 
of m t w a  

Measurement Poin t  

1 D A ~ E  

6-15-66 

DATE SIGNATURE SIGNATURE- 7 

Tota l  Rise 

Top of Capsule 
Bottom of Capsule 
Terminal 
H e a t  Sink 

50zF 
550F 
3 50F 
45 F 

0 I t  should be noted t h a t  t h e  heat  s i n k  temperature went up 45 F, due apparent ly  
t o  t h e  hea t  generated by t h e  AC breaker which i s  mounted on t h e  same heavy copper 
p l a t e  w i th  only 1" sepa ra t ing  the  two devices .  Note t h a t  t h e  maximum t o t a l  r ise 
over  t h e  hea t  s ink  is  only 10 F. 0 
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APPENDIX C-3 

PAGE 1 O F  
I NO. 

ITR #3 T E S T  R E S U L T S  

Switchgear - AC 
T Y P E  o r  T E S T  C O N T R A C T  NO. 

High P o t e n t i a l  (Leakage) Test  #1 NAS 3-6467 

TEST SPEC. Ref.  (NO. 6 DATE) L O C A T I O N  O F  TEST 

Rev i s ed I T S  #3 6-15-66 G .  E .  Co., Evendale, Ohio Bldg. 700 SPPS 

An i n i t i a l  high p o t e n t i a l  check on t h e  AC capsule  was made with a M: supply,  
on May 11 which ind ica ted  a maximum withstand of 400 v o l t s .  Subsequently on May 13, 
t h e  DC withstand was only 300 v o l t s ,  a t  which poin t  t he  leakage w a s  0 . 5  mill iamperes 
but a s t h e  vol tage  con t ro l  increazed t h e  leakage Eent up sharp ly  with no change i n  
vol tage .  Environment was a t  1000 F and 2 . 4  X 10- t o r r  p re s su re .  

On May 17 ,  (6  days a f t e r  t h e  Endurance tes t  s t a r t e d )  another  check was made 
with t h e  same r e s u l t s  i n  t h a t  t h e  maximum withstand was 300 v o l t s .  The high 
p o t e n t i a l  A . C .  t e s t i n g  t ransformer was then  conQected t o  t h e  test p o i n t s  but  a 
maximum of only 30 v o l t s  could be appl ied before  the  high r e s i s t a n c e  b u i l t  i n t o  
t h e  t ransformer prevented h igher  vol tage  because of t h e  leakage c u r r e n t .  Af te r  t h e  
AC t es t ,  another  a t tempt  w a s  made t o  apply a DC vol tage ,  and as t h e  cu r ren t  suddenly 
dropped while t h e  vol tage  went up t o  2 KV. By slowly r a i s i n g  t h e  vol tage  con t ro l  
i t  was poss ib l e  t o  ge t  t h e  DC withstand up t o  4 KV with no more than 1 mill iampere 
of leakage cu r ren t .  ( I t  was a t  t h i s  po in t  t h a t  t h e  AC Ion Pump a l s o  s t a r t e d  
ope ra t ing )  Poss ib ly  t h e r e  had been a metal "whisker" or some o t h e r  low r e s i s t a n c e  
p a r t  i n  t h e  capsule  and/or pump, which burned loose  and co r rec t ed  t h e  high p o t e n t i a l  
and pumping problem. On t h e  o t h e r  hand, pressure  i n  t h e  capsule  may have got ten  
below the"Psrs@hen" minimum so the  withstand value went up. 

On May 19 ,  t h e  "Megger" showed a r e s i s t a n c e  between t h e  c e n t e r  spinning and end 
t e rmina l s  of t h e  AC u n i t ,  of 2 megohms a t  500 v o l t s .  A new AC t e s t  r e s u l t e d  i n  a 
withstand of 1000 v o l t s  a t  2000 cps ,  with a leakage cu r ren t  of 0 .3  mill iamperes 
( t h e  vo l t age  being l i m i t e d  by the  bu i l t - i n  r e s i s t o r ) ,  A DC check showed a withstand 
of 2 K V  with a leakage cu r ren t  of 0 . 5  mil l iamperes ,  

11. Reference to maoauring inatrumonta 

111. 
G . G a t i  q($, 6-15-66 uaed - dote loat checkad 

Reaulta - Doacription - Tabulation 
of vuIU.8 SIGNATURE - TESTER DATE SIGNATURE 
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TR #4 T E S T  R E S U L T S  

4. D e r i ~ ~ b ~ t ~ d  

II. Roforonco to moasuring instrumonts 
usod - dah last chocked 

111. Rosults - Doscription - Tabulation 
of volue. 

P R O O R A M  

G , G a t i  GG 6-15-66 

SIGNATURE' TESTER DATE SIGNATURE DAT 

Switchgear - DC 

T Y P E  O F  T E S T  C O N T R A C T  NO. 

High P o t e n t i a l  (Leakage) - Test  #1 NAS 3-6467 
L O C A T I O N  O F  T E S T  TEST SPEC. REP. (NO. & DATE) 

G. E .  Co., Evendale, Ohio Bldg. 700 SPPS 
Revised 
6-15-66 

T e s t  was made with a D.C.  h igh vol tage s t a t i c  generato&, capable  of providing 
35 KV and 1 5  mill iamperes,  on May 17.  
p re s su re  

te rmina ls ,  and was r a i sed  slowly t o  8.1 K V ,  a t  which po in t  t he  leakage c u r r e n t  w a s  
3 .5  mil l iamperes .  A s  t h e  vol tage  cont ro l  was f u r t h e r  advanced, t h e  vol tage  would 
not  go higher  but  t h e  leakage cu r ren t  s t a r t e d  t o  rise very sharp ly .  Voltage was 
reduced t o  zero  and a repea t  tes t  made, bu t  t h i s  t i m e  t h e  maximum vo l t age  obtained 
was 7 KV before  leakage cu r ren t  rose  sharp ly .  A t h i r d  attempt r e su l t ed  i n  a 
maximum of 5 . 5  KV with 0.7 millamperes leakage,  a f t e r  which t h e  cu r ren t  ro se  sharp ly  
w i t h  no change i n  vo l tage .  Apparently t h e  r e s i s t a n c e  of t h e  capsule  su r face  o r  
i n s u l a t i o n  on the  l ead  w i r e  i n  t h e  tank was d e t e r i o r a t i n g .  

Environment was 1000 F and 1.8 X t o r r  

The DC vol tage  was appl ied between t h e  High Voltage feed-through and power 

Subsequent tests on t h e  DC u n i t  showed f u r t h e r  reduct ion i n  t h e  vol tage  which 
could be he ld  ac ross  the  cen te r  spinning (and lead  wire)  and end t e rmina l s  (ground). 
On May 18 ,  3 . 5  M V  high p o t e n t i a l  r e su l t ed  i n  a leakage of 0 . 3  mil l iamperes ,  which 
rose  sharp ly  t o  5 mill iamperes a t  4 KV. On May 19 ,  3.5 KV r e s u l t e d  i n  a leakage 
of 0 5 mil l iamperes ,  but a t  4 KV i t  went up t o  15 mill iamperes.  On May 20, no 
DC vo l t age  could be he ld  ac ross  t h e  test  po in t s .  A check with a "Megger" a t  t h i s  
po in t  showed 027 megohms resistance with 50 v o l t s  appl ied ,  but  less than 0 .5  megohms 
with 500 v o l t s  A f u r t h e r  check on May 21 r e s u l t e d  i n  no measureable r e s i s t a n c e  
v i t h  50 or 500 V on t h e  megger, although a voltohmist  (low vo l t age )  i nd ica t ed  about 
100 K ohms, Obviously t h e r e  has  been a major change i n  t h e  i n s u l a t i n g  su r faces ,  
o r  perhaps t h e r e  has been some movement and high r e s i s t a n c e  grounding of t h e  h ipo t  
l e a d  i n s i d e  t h e  tank. The answer cannot be obtained u n t i l  t he  endurance tes t  is  
te rmina ted .  

I I A P P R O V E D B Y  F O R M A T  P R E P A R E D  B Y  
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F i g u r e  1. Vacuum Capsule  wi th  Ion Pump,in Vacuum Tank w i t h  P a r t i a l l y  
Assembled Oven During Set-up f o r  Bake-out and S e a l - o f f  
P r o c e s s i n g  

-41- 



E 

Figure 2 .  Capsule Auxiliary Pumping Line from Vacuum Tank, Heading to 
25 Liter per Second Ion Pump, with the Power Control Unit at 
the Right, 

-42- 



F i g u r e  3 .  Vacuum Capsu le  w i t h  Ion Pump A i r  L i n e  and Power Lead, A t t ached  
t o  t h e  Pump C o n t r o l  Unit  t o  M a i n t a i n  Lower P r e s s u r e  i n  Capsu le s .  

I 
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High Purity 
Ceramic Cylinders Molybdenum Shie ld  

Kovar 
End Spinnings 

Figure 4. Sketch of Cross Section ( b J b l e  S i z e )  of Ceramic Seal 
haembly with New Design End Spinnings. 
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F i g u r e  6 .  Vacuum Capsu le  w i t h  A t t ached  Ion  Pump and A i r  L i n e ,  I n s t a l l e d  i n  
D.C. C o n t a c t o r  I n t e r r u p t e r  U n i t  S u p p o r t i n g  S h e l l .  

-46- 



Figure 7. Actuator End of D O C ,  Interrupter Unit Showing Electrical Diaphragm 
and Contact Compression (Wipe) Spring. 

I 
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F i g u r e  10. Complete D.C. Con tac to r  Mounted on Heat S ink  Along wi th  Shell for 
A.C, I n t e r r u p t e r  and High C u r r e n t  Laminated Conductor  Set-up for 
T r i a l  Assembly and Check-out. 
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cure 11. AC Breaker (Left) and DC Contactor (Right) Mounted on Heat 
Sink in Clean Room, Ready for Installation in Vacuum Tank 
for Test. 
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Figure  1 2 .  AC Breaker and DC Contac tor ,  on Heat S ink ,  Mounted i n  Ultra- 
High Vacuum Tank J u s t  P r i o r  t o  I n s t a l l i n g  Oven Top fo r  Heat 
Run Tes t .  

-52- 



F i g u r e  1 3 .  Close-up of AC Breaker ( l e f t )  and DC C o n t a c t o r  ( r i g h t )  S e t  
Up i n  Vacuum Tank, w i t h  Heat S ink  Suppor t ed  on Oven Bottom, 
J u s t  Be fo re  C los ing  Oven f o r  Heat Run T e s t .  
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Figure 15 .  Location of Thermocouples i n  S. 
Breaker (center v iew) ,  and Dc ' 
for  the H e a t  Run and Endurance 



!cia1 Oven ( l e f t  view), AC 
Intactor ( r ight  view) Used 
!ests. -55- 


